
Another key metric of oceanic isotopic performance is the relationship between salinity and the� 18O of sea-
water (Figure 10). The two variables are known to covary substantially (Conroy et al., 2014; LeGrande &
Schmidt, 2006), and� 18O is therefore often considered to be a proxy for salinity (e.g., Thompson et al.,
2011). The ability of iCESM1 to capture the relationship between the two variables is evaluated in
Figure 10, by subsampling iCESM1 output at the nearest grid point to each GISS database entry over the
appropriate month and year. iCESM1 is generally able to well capture the salinity:� 18O relationship in both
the Atlantic and Paci� c, although the slope appears systematically shallower in iCESM in most regions.
Mismatches in slope are largest in the North Paci� c, which could arise from issues with the simulation of
storm track dynamics as noted above. Some of these mismatches may also arise from undersampling of
internal variability in observations, as noted by Stevenson et al. (2018). Additionally, there is a systematic
trend toward weaker slopes with time in the North Atlantic salinity:� 18O relationship; the causes for this
trend are unclear, but may represent an in� uence from anthropogenically driven climate changes.

3.4. Coupled Applications

Coupled isotope�enabled simulations are crucial tools in many areas of paleoclimate studies, both for bench-
marking climate models and investigating fundamental questions in climate dynamics. This is particularly
obvious in cases where the objective is to understand the response of modes of coupled climate variability to
external forcing, which requires a coupled modeling framework in order to properly evaluate the dynamics
responsible for generating signals observed in the paleoclimate record. Examples of such studies include the
response of ENSO to external forcings (e.g., volcanic, solar, GHGs, ice sheets, meltwater; Anchukaitis et al.,
2010; Liu, Wen, et al., 2014; Mann et al., 2005; Meehl et al., 2006; Stevenson et al., 2016; Zhu et al., 2017b),
abrupt climate changes and role of the Atlantic Meridional Overturning Circulation (e.g., Bakker et al., 2016;
Liu et al., 2009; Otto�Bliesner & Brady, 2010), the response of monsoons and hydroclimate to climate for-
cings (e.g., ; Liu, Lu, et al., 2014; Otto�Bliesner et al., 2014), and the role of changing orbital con� gurations
in altering the expression of these and other modes of variability (e.g., Karamperidou et al., 2015; Lu & Liu,
2018). Here we present analyses demonstrating the value of the coupled con� guration of iCESM1 for both
modern and paleoclimate applications.

The isotopic expression of the ENSO in iCESM1 is shown in Figure 11; the regression patterns of precipita-
tion amount (contours) and� 18O of precipitation (colors) on the Niño3.4 index (5°S…5°N, 120…170°W aver-
age SST) are quite different. The model shows similar spatial pattern to previous forced atmospheric
simulations (e.g., Hoffmann et al., 1998; Noone & Simmonds, 2002) and within the Stable Water Isotope
Intercomparison Group version 2 archive (Conroy et al., 2013). Distinctions between precipitation and its
isotopic composition are particularly apparent in the subtropics and higher latitudes, where precipitation
� 18O exhibits substantial ENSO�induced variability in the near absence of changes in precipitation amount
(consistent with previous work, e.g., Hurley et al., 2019; Moerman et al., 2013). The dynamics of these effects

Figure 10. Relationship between salinity and seawater� 18O, in both iCESM and the GISS database. Color shading indicates the model year of the simulation.
Circles indicate GISS data and triangles iCESM output. Note that iCESM output has been subsampled to match the latitudes/longitudes/times corresponding
to GISS data points; best� t regressions for GISS and iCESM are plotted as black and red lines, respectively. (a) Tropical Paci� c (25°S…25°N, 90°E…90°W), (b) North
Paci� c (30…70°N, 90°E…90°W), and (c) North Atlantic (0…70°N, 100°W…60°E).
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